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Abstract 
The criterion-related validity of assessment centers (ACs) has been consistently 
supported. However, there has been an ongoing debate about AC construct validity in 
regard to low dimension variance and overriding exercise variance. Many studies that 
showed weak dimension effects in ACs have been based on the multitrait-multimethod 
(MTMM) framework which posits cross-situational variance as error and all capability 
dimensions can be equally represented from different exercises. The goal of this study is 
to introduce a measurement invariance (MI) framework for evaluating the construct 
validity of AC dimensions. Specifically, MI analysis was used to test whether the 
construct meaning of AC dimensions remains consistent across different AC exercises. 
The analyzed ACs in which six dimensions were assessed each in four exercises showed 
invariance of factor loadings across two to four exercises with or without specification of 
a single overall ability factor with few exceptions. Dimension ratings from particular 
exercises were systematically higher or lower than those from other exercises while 
certain exercises were more relevant to specific dimensions. The findings were in support 
of apparent dimension factor in the ACs and need for careful interpretation of exercises 
effect.
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Measurement Invariance of Assessment Center Ratings:  
Consistency of Dimensional Constructs across Exercises 
Assessment Centers (ACs) are one of the most widely used methods for personnel 
decision and organizational development (Chen, 2006; Eurich, Krause, Cigularov, & 
Thornton, 2009; Thornton & Rupp, 2005). ACs are a comprehensive way of assessing job 
candidates or incumbents. Grown out of the organizational need to look at both cognitive 
and non-cognitive aspects of human performance within particular job situations, ACs are 
designed to assess various domains of human functioning in multiple job situations 
(Finkle, 1976; Highhouse, 2002). In this vein, individuals perform in a series of simulated 
job tasks of AC in which various skills are rated. ACs are objective and reliable methods. 
Unlike traditional paper-and-pencil testing, ACs put strong emphasis on observed 
behavior of candidates rather than their self-report (which is more susceptible to 
subjective bias). Also, ACs are usually based on ratings from multiple informants that 
include supervisors and/or psychologists (Guidelines and Ethical Considerations for 
Assessment Center Operation, 2000). For these reasons, ACs have been enjoying 
continuing popularity over the last several decades. 
In ACs, individuals perform specific types of tasks and job simulations mimicking 
those encountered in the target job. Classic examples are in-basket exercises, group 
discussions, fact-finding simulations, oral presentations, and so on (Thorton & Mueller-
Hanson, 2003). As individuals complete these tasks, they are observed and rated on 
various skills and abilities. Thus, ACs are grounded on two structural components: 
exercises and dimensions. Exercises are the task simulations AC candidates go through. 
They are considered to represent the likely situations in the target job and designed to 
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derive AC dimension-related behavior. Dimensions refer to behavioral categories or 
competency aspects closely related with job success or failure and they are what ACs are 
typically designed to measure. Oral communication, problem solving, planning and 
organizing and so on are the common examples of AC dimension and they are typically 
identified by conducting a job analysis (Thorton & Rupp, 2005). Outstanding exercise 
performance usually involves more than one competency dimension because the 
performance is multifaceted (Gibbons & Rupp, 2009). 
The validity of ACs for predicting workplace criteria has been consistently 
supported (Arthur, Day, McNelly, & Edens, 2003; Gaugler, Rosenthal, Thornton, & 
Bentson, 1987; Hermelin, Lievens, & Robertson, 2007; Hunter & Hunter, 1984; Meriac, 
Hoffman, Woehr, & Fleisher, 2008). Meta-analyses that have focused on rating overall 
performance on ACs across all exercises (referred to as the overall assessment rating; 
OAR), have yielded corrected correlations between ρ = .28 (Hermelin et al., 2007) to .37 
(Gaugler et al., 1987) for predicting performance. The OAR is a composite of evaluations 
on a multiple dimensions in a various set of exercises. Because the OAR serves a 
predominant role in personnel decisions, the criterion related validity of the OAR is 
conceptually and practically important. Moreover, ACs can predict job performance 
beyond other commonly-used selection measures like cognitive ability tests and 
personality inventories. Even after controlling for general mental ability and Big Five 
personality on overall job performance, overall AC ratings increased the multiple 
correlation from R = .45 to R = .54 (Meriac et al., 2008). This meta-analytic result is 
consistent with prior studies finding that OARs had incremental criterion related validity 
over cognitive ability (Dayan, Kasten, & Fox, 2002; Krause, Kersting, Heggestad, & 
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Thorton, 2006) and personality (Goffin, Rothstein, & Johnston, 1996). These findings 
support the unique utility of ACs which is distinct from other paper-and-pencil measures 
of individual differences.  
Furthermore, ACs’ criterion related validity has been also supported not only at the 
overall performance level but also at the dimension level. The extent to which AC 
dimensions predict job performance differs across one dimension to another, generally 
ranging from ρ = .25 to ρ = .40 (Arthur et al, 2003; Meriac et al, 2008). Additionally, an 
optimally-weighted composite of individually rated multiple dimensions better predicted 
performance with a correlation of .45 (Arthur et al., 2003) than an OAR did with 
correlation of .37 (Gaugler et al., 1987). Thus, making distinctions among different AC 
dimensions provides substantial validity advantages. 
Whereas ACs’ predictive validity has been consistently supported, ACs’ construct 
validity has been more suspect (Howard, 1997; Lance, Newbolt, Gatewood, Foster, 
French, & Smith, 2000; Lievens & Klimoski, 2001). In a landmark study that raised 
concerns about the construct validity of ACs, Sackett and Dreher (1982) framed the 
multiple dimensions rated in multiple exercises as a Multi-Trait (multiple dimensions) 
and Multi-Method (multiple exercises) design. In this framework, the same AC 
dimensions should be more strongly correlated across different exercises (i.e., convergent 
validities) than different dimension ratings within exercises (i.e., discriminant validities). 
However, their study showed that within-exercise ratings correlated higher than the 
across-exercise ratings of particular dimensions. In other words, within-exercise 
correlations outweighed within-dimension correlations. Sackett and Dreher concluded 
that the construct validity of ACs was notably problematic because both convergent and 
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discriminant validity were shown to be weak. Moreover, factors drawn from their 
exploratory factor analyses represented exercises rather than dimensions. This series of 
findings implicate that competency aspects do not reliably manifest across heterogeneous 
job situations and traditional practice of ACs such as provision of developmental 
feedback based on dimension constructs might not work as originally intended. Thus, it is 
called for fundamental renovation of ACs to be more situation / context specific. 
Many studies followed to explore ACs’ construct validity. Confirmatory factor 
analysis (CFA) of mutitrait-multimethod (MTMM) data has been one of the most widely 
used techniques because CFA efficiently tests the validity of AC constructs with many 
possible variations in the assumptions about dimensions and exercises in terms of their 
numbers and relationships. For instance, a model with dimensions only, a model with 
exercises only, and a model combining both dimension and exercise factors can be fit and 
compared to draw conclusions about the effect of dimensions and exercises on the 
variances of AC ratings. Moreover, researchers can assume co-varying relationships 
among dimensions, exercises, and/or residual variables. Specifically, when common 
method variance is expected for the ratings made within each exercise, correlations 
among residual variables of the same exercise can be hypothesized.  
Since Sackett and Dreher’s (1982) original findings, researchers have taken two 
different approaches to reviewing findings related to ACs’ construct validity. In the first 
paradigm, researchers have reviewed studies individually and fit multiple CFA models to 
the data reported within each study (Lance, Lambert, Gewin, & Lievens, 2004; Lievens 
& Conway, 2001). In this approach, researchers simply applied the taxonomy for 
dimensions and exercises specified in the original study. After reviewing MTMM 
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matrices from 34 studies, Lance, et al. (2004b) found that the structure of AC dimensions 
tended to collapse, but exercise factors remained distinct. Specifically, most samples’ 
correlated-dimension (CD) models did not return admissible solutions while one-
dimension-correlated exercise models (1DCE which posit significant exercise effects but 
no ability to distinguish between different dimensions) fit the best to the data sets. 
Exercise effects (which ranged from  = .09 to  = .76, with a mean of  =.52) dominated 
over dimension effects (which ranged from  = .03 to  = .35, with a mean of  = .14). 
Based on these findings, Lance et al. concluded that it is not possible to meaningfully 
separate performance in AC exercises into dimensional components. In contrast, however, 
the strong and differentiated exercise effects indicated distinct abilities to respond to 
particular exercise situations. 
In the second paradigm for reviewing research on AC’s construct validity, Bowler 
and Woehr (2006) meta-analytically summarized and integrated previous AC studies into 
a single summary MTMM matrix. Bowler and Woehr noted two advantages of this meta-
analytic approach. First, whereas Lance et al.’s (2004b) approach of fitting models does 
not account for cross-study differences in sample size or model complexity, a single 
model with large sample size imposed by meta-analytic integration is less susceptible to 
sampling error. Second, instead of simply aggregating the results from various individual 
studies regardless of possible redundancy of the included MTMM matrices and potential 
differences across dimension constructs and exercise types, a meta-analytic approach 
enables to focus on the single summary of MTMM matrix. The relative impact of 
dimension and exercise effects in regard to model fit can be examined with this summary 
matrix. Moreover, the authors noted that if the dimensional structure of an AC is 
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misclassified (and, in particular, if it contains dimensions that are conceptually redundant 
or overly specific), findings within the individual study may veil the dimensional effects 
that would have been observed if a more appropriate taxonomy had been used (Chan, 
1996; Connelly et al., 2008; Thorton, 1992). In this respect, Bowler and Woher followed 
the dimension taxonomy of Arthur et al. (2003) to ensure the appropriate number and 
type of dimensions. Bowler and Woehr’s findings generally showed stronger dimension 
effects and weaker exercise effects than those of Lance et al. For instance, Bowler and 
Woehr found factor loadings ranging from .40 to .58 (mean  = .47) for dimensions and 
from .46 to .68 (mean = .58) for exercises. Furthermore, Bowler and Woehr observed 
significant differences in factor loadings across the different dimensions and exercises, 
which indicates that some exercises better represent a particular dimension than others 
and the relative impact of exercise factors are not even across different dimensions. 
Bowler and Woehr concluded that it is premature to dismiss the dimensions that have a 
substantial impact on AC ratings. Instead, they argue that the specificity of individual AC 
dimensions and exercises should be considered because not all AC dimensions and 
exercises are identical with respect to validity. 
Even when dimensions across exercises converge, discriminant validity can be 
weak if strong exercise effects exist. Numerous attempts to increase the discriminant 
validity of AC dimensions have been made. For instance, researchers have downsized the 
number of the dimensions based on a qualitatively organized AC dimension taxonomy 
(e.g., Gaugler & Thorton, 1989; Schneider & Schmitt, 1992), provided a clear view on 
dimensions to candidates (e.g., Kleinmann, 1993; Kolk, Born, van der Flier, 2003), 
adopted behavioral checklists in measuring candidate behavior (e.g., Reilly, Henry, & 
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Smither, 1990), used within-dimension rating method in which AC assessors rate the set 
of dimensions after all of the exercises have been completed (e.g., Arthur, Woehr, & 
Maldegan, 2000; Harris, Becker, & Smith, 1993), employed expert assessors (e.g., 
Lievens, 2002; Sagie & Magnezy, 1997), and systematically trained the AC assessors 
(e.g., Lievens, 2001). The proportion of dimension variance increased when fewer rating 
dimensions are used, behavioral checklists were used, psychologists did ratings, and 
training length was more than 1 day (Lievens & Conway, 2001). Additionally, Woehr and 
Arthur (2003) showed the dimensions’ convergent and discriminant validity can be 
improved by a particular rating approach. They compared within-dimension and within-
exercise rating. The first refers to the consensus-based dimensional performance rating 
which is made after all exercises are completed while the later is made after the 
completion of each exercise. Their meta-analytic review showed within-dimension rating 
had better convergent and discriminant validity with mean R of .43 and .48 than within-
exercise rating did with mean R of .29 and .43. However, these sorts of design fixes have 
not been a cure-all for the construct validity dilemma. Despite the careful consideration in 
design fix issues of AC implementation, some studies failed to have sufficient construct 
validity (Chan, 1996; Schneider & Schmitt, 1992; Fleenor, 1996). Moreover, the 
improvements made by the design fix were considered to be slight and more empirical 
evidence is needed (Lance, 2008; Lance, Foster, Gentry, & Thoresen, 2004; Lievens, 
2001, 2002). 
Lance and colleagues (Lance, 2008; Lance al., 2004a; Lance et al., 2000) have 
suggested that there is a more fundamental explanation for observing strong exercise 
factors: situational specificity. That is, candidates or incumbents are likely to manifest 
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their competencies in accordance with the situations and contexts (i.e., across different 
exercises) rather than in a stable and consistent manner across different tasks and 
situations. For example, measures of oral communication skills across different exercises 
will not be parallel because oral communication skills should be conceptualized not as a 
cross-situational skill but as a performance component of a particular situation (Lance et 
al., 2000; Lievens, 2001, 2002). Whereas past researchers have viewed the common 
exercise factor as a kind of method bias (Fiske, 1987; Lievens & Conway, 2001), Lance 
and colleagues regard this strong exercise effect as a realistic representation of a general 
skill at performing in a particular situation (Lanceet al., 2004a; Lance et al., 2000).  
In this regard, some researchers like Lance (2008) and Lievens (2008) argue that 
there should be more emphasis on exercises instead of dimensions based on a series of 
studies that showed strong exercise effect over dimension effect (Jackson, Stillman, & 
Atkins, 2005; Lance et al., 2004b; Lance et al., 2000; Sackett & Dreher, 1982). They 
conclude that the susceptibility of human behavior to situational factors, like exercises, 
should be admitted and ACs should be re-oriented away from dimensions and more to 
task-specific exercises. The task-specific ACs are like a behavioral checklist and allow 
assessors directly evaluate assessees’ performance behavior on the job-related tasks 
unlike typical ACs where judgments about the traits of an assessee are made. Hence, task-
specific ACs make performance ratings simple and less prone to subjective error (Lowry, 
1997). 
In response, a number of researchers have advocated for the importance and utility 
of AC dimensions. First of all, they noted the unique and significant explanatory power of 
dimensions over exercises (Arthur et al., 2003; Bowler & Woehr, 2009; Howard, 2008) 
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and beyond other performance relevant criteria such as cognitive ability and personality 
aspects (Meriac et al., 2008) in prediction of overall performance. It is not only exercises 
but also dimensions that significantly contribute to the accumulation of evidences for the 
criterion related validity of ACs. Second, including AC dimensions produced the best 
fitting model in CFA analyses (Bowler & Woehr, 2006; Connelly, Ones, Ramesh, & Goff, 
2008; Donahue, Truxillo, Cornwell, & Gerrity, 1997; Lievens & Keer, 2001). Third, 
Howard (2008) and Moses (2008) argued that dimensions are practically important in 
generation of rich feedback for the AC assesses. Without dimensions, feedback regarding 
one’s performance should be solely based on ratings of task specific exercises that are 
difficult to be generalized to various organizational situations (Connelly et al., 2008). 
When considering that the second most frequent purpose of AC practice is development 
(27%)¹, the role of dimensions in ACs becomes greater because ripe and generalizable 
feedback is critical for competency development or improvement of assesses. These all 
together support the important value of AC dimensions in terms of psychometric property 
and utilitarian perspective. 
Finally, some researchers argued that previous findings underestimate dimensions’ 
effects. For example, Connelly et al. (2008) indicated that a low level of inter-rater 
reliability may weaken dimension factor loading in MTMM models of ACs based on 
post-exercise dimension ratings (PEDRs). Often, a single rater makes PEDRs while a set 
of PEDRs from other raters altogether consist of an AC. Then, ratings from two different 
raters tend to be not identical and normal perspective differences of multiple raters can 
result in relatively larger difference in dimension ratings across exercise situations than in 
within exercise PEDRs. Additionally, Rupp, Thorton, and Gibbons (2008) pointed out 
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that within-exercise ratings were mistakenly used as unit of traditional MTMM 
framework instead of overall dimension ratings. They argued that across-exercise ratings 
that are analogous to final dimension ratings were proper unit of MTMM analysis testing 
the AC construct validity because these ratings, not within-exercise ratings, would be 
aggregated to determine the overall assessment ratings and used to evaluate the predictive 
strength of ACs.  
In evaluating AC’s construct validity, most of the studies have been based on a 
MTMM framework, the traditional way of investigating AC construct validity. However, 
Arthur, Day, and Woehr (2008) and Howard (2008) raised a concern about the traditional 
MTMM approach because it treats cross-situational variance as error. As AC assessors 
generally become aware of and consider situational differences, they do not give the same 
ratings for different behaviors in different exercises even though the behaviors are 
relevant to the same ability dimension. For instance, it is inappropriate to expect that 
problem-solving observed in an in-basket exercise will completely converge with 
problem-solving observed in a group-discussion exercise. This is because what is 
measured in this AC example is not pure problem-solving ability but some facets of the 
problem-solving dimension that are closely related with the in-basket or group-discussion 
exercise. Commonly, different exercises elicit different traits that are specific to each 
exercise. So, an assumption of that MTMM approach that all exercises are equally able to 
measure each dimension seems unrealistic.  
On this subject, trait activation theory (Tett & Burnett, 2003; Tett & Guterman, 
2000) offers a framework for understanding the interplay of AC dimensions and exercises. 
The theory emphasizes the person-situation interaction. It assumes that human traits 
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activate the trait-relevant behaviors only when there are trait-behavior relevant cues. In 
ACs, exercises are analogous to the situations that prime specific behavior while 
dimensions are not necessarily traits themselves. In general, better convergence among 
ratings on AC dimensions was observed across exercises that activate behaviors related to 
the same trait, and better discrimination among ratings within exercises was reported for 
dimensions that were expressions of the different underlying traits (Lievens, Chasteen, 
Day, & Christiansen, 2006). The theory provides some ideas about why the construct 
validity of ACs can be occasionally problematic and suggests that future studies 
pertaining to AC construct validity should properly handle the common exercise factor. 
However, MTMM approach overlooks different effects of different exercises on eliciting 
particular trait related behaviors and tends to underestimate the convergent and 
discriminant validity of AC dimensions. 
To address these potential shortcomings of applying the MTMM approach to AC 
data, the present study takes an alternative approach to evaluating the construct validity 
of ACs’ dimensions by using measurement invariance (MI, a.k.a. measurement 
equivalence). MI refers to the degree to which items or tests have the same meaning 
across measurement occasions (Gregorich, 2006). In other words, MI analysis evaluates 
how well a construct holds across multiple situations. In the context of AC construct 
validity, MI could be applied to test whether the AC dimensions’ construct can be validly 
consistent across different AC exercises. It does not regard different exercises to be 
identical but as different situations under which the dimensions were rated and 
technically measures the degree to which the dimensional construct of AC holds for these 
multiple situations. Thus, MI can shed light on the fore-mentioned potential drawbacks of 
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traditional MTMM approaches.  
At the same time, MI can provide answers for the fundamental questions about AC 
construct validity. Can dimensions be distinguished from one another when rated within 
the same exercise? Are the behaviors that reflect particular dimensions consistent across 
different exercise situations? If the answers are no, then this indicates that MTMM 
framework is inappropriate because it looks for consistency of individuals on a dimension 
that is expressed in an inconsistent way. If the answers are yes, then it indicates the stable 
expression of dimensions over AC exercises and simultaneously this indicates that items 
of exercises were properly designed to measure these dimensions. 
MI can be best measured through sequential multiple-groups CFAs (Ellis, Aguirre-
Urreta, Sun, & Marakas, 2008; Kuhn & Holling, 2009; Vandenberg & Lance, 2000). A 
process of assessing MI generally involves following steps of CFA analyses. Each of the 
step measures (a) configural invariance; (b) metric invariance; (c) scalar invariance; (d) 
invariant residuals; (e) invariant factor variances; (f) invariant factor covariances; and (g) 
invariant factor means respectively. The first step tests a null hypothesis of “weak 
factorial invariance” (Horn & McArdle, 1992) with all parameters freed to be different 
across groups while the same structural model specified. The second step, metric 
invariance also known as test of a strong factorial invariance verifies a null hypothesis 
that factor loadings for like items are invariant across groups. The next step tests the 
invariance of observed variables’ intercepts. Then variances and covariances of the error 
terms are held constant to examine the residual invariance. The fifth and sixth steps are 
about equivalence in factor variances and covariances respectively. In the last step, it is 
assumed that the factor mean values to be identical across different groups. As the steps 
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progress, degrees of the freedom increase because there will be more constraints and less 
to estimate. For how many steps the good model fit holds is an indicator of the degree of 
MI.  
In sum, the goal of this study is to investigate the construct validity of AC 
dimensions beyond the limitations of previous MTMM studies by adopting MI analysis 
and showing how strong the consistency of AC dimensionality across different AC 
exercises is. 
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Methods 
Sample 
A sample was obtained from the archival AC data of a large human resource (HR) 
consulting firm in the United States. It was collected between 1999 and 2006 and people 
generally participated in the ACs for either selection or developmental purposes. The total 
sample size of the data set was 5,521.  
Assessment Center 
Assessment Center Simulation Exercises 
Multiple items were given to rate particular dimensions across five different 
exercises: a customer process meeting, a direct report meeting, an interview, a planning / 
executive exercise, and a strategic presentation. In the customer process meeting exercise, 
participants will face simulate customers and be evaluated on the quality of interaction 
with them such as building a relationship and focusing on customer needs. The direct 
report exercise is designed to test the participants’ efficient communication ability with 
subordinates. In the interview exercise, which was similar to a typical structured selection 
interview, assessees had conversations with interviewers and were asked to answer the 
given questions in which their adaptability, drive, commitment, and so on were evaluated. 
In the planning / executive exercises, how the participants prioritize a series of given 
tasks and use the given time efficiently to complete the tasks successfully was assessed. 
Finally, in the strategic presentation exercise, the participants gave presentations about 
particular issues, and their presentation skills and abilities like strategic thinking were 
evaluated. 
The number of exercises included in the dataset was five, congruent with Eurich et 
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al.’s (2009) finding that the most common number of exercises included in an AC ranged 
from four to five. Also, the types of exercises were comparable to the most popular types 
of exercises like role-playing, presentations, and in-baskets (Kudisch et al., 1999). Thus, 
the current study’s AC dataset is typical and representative of the customary practice of 
ACs. 
For each dimension, a subset of the behaviorally anchored items based on 5-point 
Likert scale was used across more than one exercise. Thus, I examined whether the items 
that were common across a pair of exercises would produce MI. In the current ACs, some 
items were unique to a particular exercise while others were common across different 
exercises. In this regard, the exercise strategic presentation was ruled out for the 
following analyses because relatively small numbers of items were common across this 
exercise and others. For instance, the numbers of common items of the consideration of 
others dimension varied from one to two across the four pairs of exercises all including 
the strategic presentation exercise (i.e., strategic presentation – customer process 
meeting, strategic presentation – direct report meeting, strategic presentation – interview, 
and strategic presentation – planning / executive exercises). If only four of the total five 
exercises except the strategic presentation exercise were considered, the numbers of 
common items within the same dimension varied from 10 to 15 across every possible 
pairs of the four exercises. Similar patterns were observed not only for the consideration 
of others dimension but also for the other dimensions and this indicated that items used in 
the strategic presentation exercise were somehow unique to the exercise. Therefore, MI 
analyses across the strategic presentation exercise and others are likely to be affected by 
the exercise-specificity of items, instead of the items’ factorial construct validity which is 
MEASUREMENT INVARIANCE OF ASSESSMENT CETNERS １６ 
 
what the present study is interested in. For this reason the strategic presentation exercise 
was not considered in MI analyses. Finally, in the current ACs, not every assessee went 
through all of the five exercises because various designs of ACs with different types of 
exercises and items were adopted for different groups of participants. Thus, some 
exercises had substantial missing data (see missing data handling procedures below). 
Assessment Center Dimensions 
Originally, the dataset aligned its 145 items with 16 dimensions, using between 2 to 
14 items per each dimension and exercise. Because the original conceptualization of 
dimensions was substantially larger than recommendations for assessment centers to use 
a smaller number of dimensions, the items were re-categorized according to the Arthur et 
al.’s (2003) taxonomy of the most widely used six AC dimensions that are theoretically 
and conceptually distinct. Potential concerns of utilizing the original dimension 
taxonomy such as redundancy and lack of conceptual clarity of the dimensions can be 
avoided by doing so. This framework of AC dimensions was what Bowler and Woehr’s 
(2006) meta-analytic study was based on. The six dimensions are consideration of others, 
communication, drive, influencing others, organization and planning, and problem 
solving. The author of the present study and another graduate student in an industrial and 
organizational psychology program conducted the re-categorization. After the first and 
second round re-categorizations with inter-rater agreement 84.8% and 90.3% respectively, 
complete consensus was reached. Any disagreements in classification were resolved 
through discussion, with an assistant professor in industrial/organizational psychology 
serving as a tie-breaker for final item classification. Among the total 145 items, 10, 49, 18, 
15, 24, and 23 items were classified to communication, consideration of others, drive, 
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influencing others, organization and planning, and problem solving dimensions 
respectively. The rest of six items were categorized to tolerance for stress / uncertainty 
dimension. This seventh dimension was not considered for MI analyses because the 
numbers of items measuring this dimension within some exercises were too small to form 
an independent factor. For a MI analysis within CFA framework, generally at least two 
items (observations) are required to form a factor but, there was only one item in each of 
customer process meeting and direct report meeting exercises while no item at all was 
used in planning & execution exercise.  
Missing data handling 
The items and respondents with no more than 50% response rate were retained for 
the analyses. To be specific, items that were measured for less than 50% of the 
individuals were deleted and individuals who were measured by less than 50% of the 
items were dropped
2
. Also, means and intercepts of the CFA models were estimated to 
make the models with missing values run in the AMOS program by adopting full-
information maximum likelihood (FIML) procedure. It handles the missing values with a 
multiple imputation approach (Schafer, 1997).  
Measurement Invariance (MI) Analysis 
For MI analysis, many different models which have varying numbers of exercises 
and dimensions can be drawn from the given dataset. First, MI was investigated for an 
AC measurement model that was based on items that were common across all of the four 
exercises. This served as an omnibus test of MI. Then, the MI model was broken down 
into smaller sets in order to identify source of MI failure. Every possible pair of the four 
exercises were derived: 1) customer process meeting and direct report meeting, 2) 
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customer process meeting and interview, 3) customer process meeting and planning / 
execution, 4) direct report meeting and interview, 5) direct report meeting and planning / 
execution, 6) interview and planning / execution. Items of the AC common across these 
exercise pairs were identified and AC measurement models were created accordingly. MI 
testing across the pairs of the exercises enabled use of a larger pool of AC items than the 
omnibus MI testing across all of the four exercises. MI analyses were performed with 
treating different exercises as different groups as described in the introduction section
2
.  
After testing MI with the seven different models described above (one omnibus 
model based on four exercises and six additional models based on pairs of exercises), 
another series of MI analyses were performed with seven AC measurement models that 
were basically identical to the first seven models, but including an additional overall 
ability factor. The overall ability factor was included with the original seven models to 
examine MI after controlling for the factor’s effect on items. Given that AC dimensions 
are distinct but still overlap in terms of general competency trait (i.e., general mental 
ability), MI needs to be examined not only for the entire dimension variance but also for 
the unique dimension variance after partialling out the variance of the overall ability 
factor. The exemplary AC measurement models without or with an overall ability factor 
are presented in Figure 1. 
I began by testing a configural invariance model which did not have any invariance 
constraint and served as a baseline model (step 1). Next, I tested a metric invariance 
model with equivalence constraints on item-factor loadings (step 2). Then constraints 
were imposed on intercepts of the item ratings to examine scalar invariance (step 3). 
Additionally, variances of the residuals were fixed to be equal across different exercises 
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(step 4) and factor variances were constrained to be identical (step 5). Finally, equal 
factor covariance constraints were imposed (step 6). In general, constraining factor means 
comes after the sixth step of factor covariance invariance testing, but as the FIML was 
used to handle missing values, factor means were fixed as zero from the beginning of the 
MI analyses in the current study. So, model fit changes were examined across the six 
nested models from step 1 through 6 based on multiple model fit indices. Although the 
chi-square (χ²) statistic is frequently used for model fit comparison, it is highly sensitive 
to a large sample size (Bollen, 1990; Cheung & Rensvold, 2002; Meade, Johnson, & 
Braddy, 2008). Considering that the sample sizes of the AC models evaluated in the 
present study varied from 3,706 to 5,006, high susceptibility to significant χ² change due 
to a large sample size is expected. Hence, the two non-centrality parameters, comparative 
fit index (CFI) and root mean-square error of approximation (RMSEA) were used for 
judgment of significant MI deterioration. Specifically, CFI change greater than .02 
(Vandenberg & Lance, 2000) and absence of overlap between two RMSEA 90% 
confidence intervals (McCallum, Browne, & Sugawara, 1996; Raykov & Penev, 1998; 
Wang & Russell, 2005) were the two decision-making criteria. If either of them is met, 
then MI was judged to fail. 
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RESULTS 
Before turning to MI analyses, I first present basic descriptive information for the 
AC items and scales administered across the exercises. Table 1-A, B, C, and D present 
the means and standard deviations of the AC items measuring consideration of others, 
communication, drive, influencing others, organization and planning, and problem 
solving dimensions across the customer process meeting, direct report meeting, interview, 
and planning and execution exercises.  
In the customer process meeting exercise, the highest rated dimension was the 
influencing others (mean = 3.00) while the lowest rated dimension was the organization 
and planning (mean = 2.73). The communication dimension was rated the highest (mean 
= 2.94) while the organizing and execution dimension was rated the lowest (mean = 2.77) 
in the direct report meeting exercise. In the interview exercise, the AC respondents gave 
the highest ratings on the problem-solving dimension (mean = 3.42) while gave the 
lowest ratings on the communication dimension (mean = 3.24). Finally, means of the item 
ratings varied across the six dimensions from 2.65 (drive dimension) to 2.78 
(consideration of others dimension). 
The descriptive statistics showed that ratings on the same dimension can vary 
across different exercises through which the dimension was assessed. In general, the AC 
raters gave the most lenient ratings within the interview exercise (item mean scores 
ranged from 2.84 to 3.99) whereas the least lenient ratings within the planning and 
execution exercise (item mean scores ranged from 2.18 to 3.27). These findings suggest 
that notable variance may exist across the four different exercises in judgment of a 
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particular behavior assessed by the ACs. 
Additionally, numbers of the items used to evaluate a particular dimension within 
each of the four exercises as well as their internal consistency statistics (Cronbach’s α) 
and Spearman-Brown estimation of mean inter-item correlations were presented in Table 
2. The internal consistencies ranged from .48 to .91, being generally greater than .70 for 
most within-exercise dimension ratings. A few of them did not reach satisfactory level. 
For instance, Cronabch’s α was .48 among three items measuring the drive dimension 
within the direct report meeting exercise and Cronbach’s α was .59 among three items 
measuring drive dimension within the planning and execution exercise. Nevertheless, 
these low internal consistencies with specific within-exercise dimension ratings may not 
be problematic from a practical perspective because the AC ratings are usually discussed 
after aggregating across exercises. The six dimensions of consideration of others, 
communication, drive, influencing others, organizing and planning, and problem solving 
respectively showed average inter-item correlations of .26, .29, .24, .29, .30, and .33 
across the four exercises. Items measuring the problem-solving dimension exhibited the 
strongest inter-correlations while items measuring the drive displayed the weakest inter-
correlations. The drive dimension items generally showed weakest inter-item correlations 
than other dimension items across the customer process meeting, direct report meeting, 
and interview exercises, but the correlation stood out to be the second strongest within the 
planning and execution exercise. On the contrary, the problem solving dimension items 
reported generally higher inter-item correlations than items of other dimensions, 
especially in the customer process meeting exercise. Also, the drive and influencing 
others dimensions had the most variation across the four exercises in their mean inter-
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item correlations.  
Within the four exercises, namely the customer process meeting, direct report 
meeting, interview, and planning and execution, average inter-item correlations 
were .31, .29, .25, and .30, respectively. Mean inter-item correlations of the six 
dimensions were consistently weakest within the interview exercise. This could be due to 
either (a) use of relatively large numbers of interview items per dimension (i.e., this 
increases the likelihood that the interview exercise will include items that don’t work as 
well as others) or because (b) the interview exercise doesn’t allow for direct behavioral 
observation. The magnitudes of the within-dimension and within-exercise inter-item 
correlations were generally similar with only some variations. Specifically, the items 
assessing the consideration of others dimension reported the highest mean inter-item 
correlation (r = .28) when the items were used within the direct report meeting exercise. 
The items of the communication (r = .32), drive (r = .33), and influencing others (r = .36) 
dimensions showed the highest mean inter-item correlations within the planning and 
execution exercise. In the meanwhile, the mean inter-item correlations were the highest in 
the customer process meeting exercise among the items of the organization and planning 
(r = .32) and problem solving (r = .43) dimensions. Certain dimension items seem to hang 
together better in some exercises than others, indicating the certain exercises may be a 
better lens into particular dimensions than others. 
Table 3 shows the across-dimension inter-correlations of the post-exercise 
dimension ratings (PEDR; average of items for a particular dimension within an exercise) 
across the customer process meeting, direct report meeting, interview, and planning and 
execution exercises. All the correlation coefficients were statistically significant at the p 
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< .01 level and the effect sizes were small to moderate. In specific, within the customer 
process meeting exercise, the correlations ranged from .39 to .74 (mean r = .57). Ranges 
of the correlations within the direct report meeting, interview, and planning and execution 
exercises were -.04 ~ .75 (mean r = .51), .34 ~ .71 (mean r = .55), and .41 ~ .74 (mean r 
= .60), respectively. The findings in general indicated that the six dimensions assessed by 
the ACs did not discriminate very well. In particular, the dimensions most strongly 
correlated with one another were the planning and execution exercise. 
MI testing results for the Arthur et al.’s (2003) six dimensions only models 
MI analyses were conducted with the seven different AC models built upon Arthur 
et al.’s (2003) six dimensions. The first AC measurement model for omnibus MI testing 
was based on the AC items that were common across all of the four exercises, i.e., 
customer process meeting, direct report meeting, interview, and planning and execution. 
Six additional AC measurement models consist of the AC’s items common across every 
pairs of the exercises. Equality constraints across the exercises were imposed on these 
models in the following order: (1) factor structure, (2) factor loadings, (3) item intercepts, 
(4) item residuals, (5) factor variances, and (6) factor covariances. Fit statistics 
corresponding to these six models are presented in Table 4. 
Configural invariance 
CFIs of the configural invariance testing models ranged from .681 to .791 and were 
shown to be poor. Nevertheless, the RMSEA values which ranged from .044 to .062 
advocated acceptable model fit. Specifically, the omnibus MI testing model based on the 
AC items common across the four exercises yielded a CFI of .791 and a RMSEA of .044 
(90% confidence interval = .043 ~ .044). For the six MI testing models grounded upon 
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the pairs of the four exercises returned CFIs ranging from .681 (across the direct report 
meeting and interview) to .744 across the customer process meeting and planning and 
execution exercises) while RMSEAs ranging from .046 (90% confidence interval = .045 
~ .046; across the interview and planning and execution) to .062 (90% confidence 
interval = .061 ~ .062; across the customer process meeting and direct report meeting). 
By conventional standards of acceptable fit, these configural models fit well based 
on RMSEA values but poorly based on CFI values. According to Hu & Bentler (1999), 
CFI over .95 denotes good fit in CFA. RMSEA statistics less than .05 indicates a good 
model fit, greater than .05 but less than .08 indicates a reasonable model fit, and greater 
than .10 indicates a poor model fit (Browne & Cudeck, 1993). Lack of parsimony in the 
AC measurement models might have been a cause of the poor CFI statistics because CFI 
penalizes one for all parameters estimated while parsimony adjustment in RMSEA is 
based on the χ² to the degree of freedom ratio. The number of items ranged from 23 to 46 
across the different CFA models with mean = 38.9. On average, 7.0 (ranged between 2.4 
and 13.0) items were used to measure each of the six dimensions. However, Rigdon 
(1996) argues that RMSEA is more suitable than CFI when models are run for 
confirmatory purpose and are based on large sample sizes (as was the case in the present 
analyses). Thus, the configural invariance models were judged to be acceptable and 
further MI testing steps were carried out. Moreover, relative fit (e.g., comparing metric 
invariance models to configural invariance models) is more important in measurement 
invariance analyses than absolute fit. In other words, if there is no significant model fit 
deterioration after inclusion of MI constraints (i.e., CFI change over .02 or non-overlap of 
90% RMSEA confidence intervals across the two adjacent MI testing AC models), then 
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the results would support MI.  
Metric invariance 
In the metric invariance testing MI models, the configural invariance model was 
adjusted such that items’ factor loadings were constrained to be equal across exercises. 
For the omnibus MI testing model of the AC items across all four exercises, the CFI 
decreased minimally from .791 to .774 and the RMSEA remained unaffected as .044. 
Thus, constraining factor loadings to be equal did not produce sizable differences in the 
omnibus model testing for equivalence across all exercises. 
Similarly, in the six pairs of models (i.e., across the customer process meeting – 
direct report meeting, customer process meeting – interview, customer process meeting – 
planning and execution, direct report meeting – interview, direct report meeting – 
planning and execution, and interview – planning and execution exercises) that examined 
metric invariances across pairs of exercises, only minimal decreases were observed in 
CFIs (ΔCFI ranged from .004 to .011) and RMSEAs (ΔRMSEA ranged from .000 
to .001). In addition, the 90% confidence intervals for the metric invariance models 
overlapped with the corresponding confidence intervals from the configural invariance 
models for all of the six different models. In general, the CFIs ranged from .673 to .774 
and the RMSEAs ranged between .044 and .061 for the total seven metric invariance 
models. These findings showed that the factor loadings of the like items in the analyzed 
ACs were equivalent across the exercises and supported scaling units’ equality (Cole & 
Maxwell, 1985). Thus, the ACs’ items fairly consistently display the underlying 
dimensions to the same extent across the multiple AC job simulation conditions 
(exercises). The ways that the six dimensions become manifest in particular behaviors are 
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consistent regardless of which types of task simulation the AC raters are looking at. 
Scalar invariance 
In the scalar invariance testing MI models, equality constraints of intercepts were 
imposed to the metric invariance MI testing models. For the omnibus test across the four 
exercises, the CFI decreased from .774 to .661, a difference exceeding my criterion of .02. 
Similarly, the RMSEA increased from .044 (90% confidence interval = .044 ~ .045) 
to .052 (90% confidence interval = .052 ~ .053), thus showing no overlap between the 
confidence intervals. Analogously, for the six MI testing models built upon the pairs of 
the six exercises, the CFI decreases were greater than .02 and ranged from .028 to .075. 
The increases in RMSEA ranged from .002 to .006 across the six MI testing models and 
there was no overlap in RMSEA 90% confidence interval between the metric and scalar 
invariance models. These findings indicated lack of scalar invariance across all the 
exercises. In other words, means of the behavioral items are higher in some exercises 
than in others. Therefore, although they reflect the latent factor to the same extent (i.e., 
metric invariance was supported), some exercises may induce more of a behavior on 
average than do others. On one hand, this may indicate that AC raters may show lenient 
or harsh responses on the same items when the items were measured within particular 
exercises (Bollen, 1989). On the other hand, this might indicate different levels of 
response threshold across different exercises (Vandenberg & Lance, 2000). For instance, 
the interview exercise solicits more of particular behavior related with communication or 
influencing others dimensions reflected in the item content than the planning and 
execution exercise. 
To examine the source of scalar invariance, individual item-level intercepts were 
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explored. Figures 2 through 8 show the intercepts across the four and pairs of the 
exercises in the metric invariance testing MI models, in which items’ intercepts were free 
to vary across the pairs of exercises. The intercepts were always higher in the interview 
exercise than other exercises across all the six AC dimensions. Also, the planning and 
execution exercise frequently showed the lowest intercepts in many of the dimensions. 
The ACs’ raters tended to give more lenient ratings in the interview exercise and harsher 
ratings in the planning and execution exercise than in other exercises. This could happen 
because the ratings within the interview exercise are based more on assessees' self-
presentation, but ratings from other exercises are derived from direct observation of 
assessee’s ability to perform a task. Hence, the ratings within the interview exercise 
might have been biased in favor of assessees. Also, raters might have tended to give more 
generous ratings on 'assessees themselves' than on the assessees' specific job performance. 
Thus, it may be unfair to equate dimension ratings made within the interview or planning 
and execution exercises to the same dimension ratings made within other exercises. 
Additionally, remarkable intercept discrepancies were observed for the 
communication and drive dimensions when these dimensions were measured across the 
direct report meeting and planning and execution exercises (Figure 7). Within the direct 
report meeting exercise, intercepts were higher both for the communication (mean τ = 
2.99) and drive (mean τ = 2.82) dimensions compared to the planning and execution 
exercise (mean τ for the communication = 2.58, mean τ for the drive = 2.51). When AC 
ratings were made across the direct report meeting and planning and execution exercises, 
the raters tended to give more generous appraisals within the direct report meeting 
exercise for the communication and drive dimension. This might have been due to 
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different scopes of the direct report meeting and planning and execution exercises. The 
direct report meeting aims to derive and evaluate quality of inter-personal relationships 
(i.e., communication) or attitudes (i.e., drive) related to aspects of the ratees, whereas the 
planning and execution exercise focuses on strategic resource allocation and task 
completion attributes. Thus, caution is needed when making interpretations of ACs 
because ratings can be higher or lower within particular exercises regardless of true 
ability difference. To address the lenient rating tendency within a particular exercise, 
within-exercise norms for dimension scoring is needed. 
Thus, metric-level MI was supported for all of models specifying only Arthur et 
al.’s six dimensions. However, when equality constraints were imposed on the intercepts 
in the scalar invariance test, all models failed to meet the CFI and RMSEA equivalence 
criteria. Conventionally, measurement invariance analyses would not carry out any 
further tests of MI once MI fails at a certain MI testing step (i.e., no tests residual 
invariance, factor variance invariance, or factor covariance invariance are typically 
conducted if measures fail to show scalar invariance). This is because imposing 
additional equal parameter constraints to the ‘in-correct’ MI constraints can be defective. 
For instance, when factor loadings are not identical, testing factor covariance invariance 
is not appropriate because the factor loadings will impact the strengths of the factor 
covariances.  
For the particular step of scalar invariance, however, inequality of intercepts is 
relatively independent of inequality or residuals, factor variances, and factor covariances. 
Moreover, inequality of intercepts is less problematic in the present application to 
studying AC exercises (where across-exercise variations in intercepts may be simply due 
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to how appropriate the behavior indicated by the item might be in the situation) than in 
other applications of measurement invariance (e.g., examining whether scores from a 
translated version of a measure of general mental ability can be equated with scores from 
the original language version). In practice, these intercept differences across exercises can 
be corrected by simply standardizing scores within an exercise before comparing or 
combining across exercises. Because the meaning of intercept in-equivalence is not as 
great as in other MI studies aimed at testing for differences across groups of people (e.g., 
Wicherts & Dolan, 2010), I continued examining measurement invariance across the 
residual, factor variance, and factor covariance steps as a post-hoc analysis. 
Residual (uniqueness or error) invariance 
After an additional inclusion of identical residual constraints, the omnibus MI 
model based on the four exercises reported significant deterioration of model fit in terms 
of CFI change. CFI decreased from .661 to .629, while RMSEA increased from .051 
(90% confidence interval = .052 ~ .053) to .053 (90% confidence interval = .053 ~ .053). 
These findings exceeding the model fit change criteria indicate that there are some 
differences in residuals across exercises in the omnibus test across all four exercises.  
MI testing models across the customer process meeting – direct report meeting, 
customer process meeting – planning and execution, and direct report meeting – planning 
and execution exercise pairs did not report deterioration in terms of CFI change or 
RMSEA confidence interval overlap that exceeded my change criteria. CFIs ranged 
from .655 to .663 while RMSEAs ranged from .060 to .065. Thus, homogeneity of error 
variances was supported in the items measured across the customer process meeting – 
direct report meeting, customer process meeting – planning and execution, and direct 
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report meeting – planning and execution exercises.  
However, for three of the pairs of exercises, MI testing models showed CFI 
changes greater than .02, indicating failure of residual invariance. These three pairs were 
the customer process meeting – interview, the direct report meeting – interview, and 
interview – planning and execution. It is noteworthy that all of the MI test models that 
failed at the residual invariance testing included the interview exercise. Figures 9 
thorough 12 present the residuals of the four MI test models across the four exercises, the 
customer process meeting – interview pair, the direct report meeting – interview pair, and 
the interview – planning and execution pair. The residuals of the items measured within 
the interview exercise were consistently lower than items measured within other exercises 
across the six different dimensions. These findings suggest that the items measured 
within interview exercise are likely to have smaller error variances than the same items 
measured within other exercises. This may be the case because AC ratings made within 
the interview exercise are generally inflated as noted in the scalar invariance testing step 
(i.e., leniency) and a ceiling effect might result in small response variance compared to 
ratings made within other exercises. 
Factor variance invariance 
Variances of the factors were constrained to be homogeneous in the factor variance 
MI testing models based on the customer process meeting – direct report meeting, 
customer process meeting – planning and execution, and direct report meeting – planning 
and execution exercise pairs. None of these three models reported CFI decreases greater 
than .02 and disappearance of 90% confidence intervals of RMSEAs, indicating factor 
scores’ variances were not heterogeneous across the exercise pairs. Given the three factor 
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invariance testing models were shown to have residual and factor variance invariance in 
the previous and current MI testing steps respectively, it can be concluded that AC 
participants showed the same range in the way they expressed a dimension across the 
customer process meeting, direct report meeting and planning and execution exercises. 
For the three MI testing models, factor covariance invariance testing was followed. 
Factor covariance invariance 
Covariances among the factors were set to be identical across the customer process 
meeting – direct report meeting, customer process meeting – planning and execution, and 
direct report meeting – planning and execution exercise pairs. No significant model fit 
deterioration was observed compared to the MI testing models of the factor variance 
invariance tests. CFIs were .659, .647, and .656, respectively for the MI testing model 
based on the customer process meeting – direct report meeting, customer process meeting 
– planning and execution, and direct report meeting – planning and execution exercise 
pairs. RMSEAs for these models were .063 (90% confidence interval = .063 ~ .064), .065 
(90% confidence interval = .064 ~ .065), and .656 (90% confidence interval = .060 
~ .061). Strong structural measurement equivalence was supported for the three MI 
testing models.  
Summary 
All exercises showed metric invariance but lacked scalar invariance. Manifestation 
of the ACs’ latent dimensions in particular behaviors was consistent across the four 
exercises, though noticeable differences in the perceived prevalence of these behaviors 
across the exercises were detected. This was driven by lenient (i.e., within the interview 
exercise) or rigorous (i.e., within the planning and execution exercise) rating tendencies 
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on the same behavior across different exercises. Residual invariance tests across the four 
exercises and exercise pairs such as customer process meeting – interview, direct report 
meeting – interview, and interview – planning and execution showed MI failure due to 
relatively smaller residual among the items measured within the interview exercise. 
Across the exercise pairs without the interview (i.e., customer process meeting – direct 
report meeting, customer process meeting – planning and execution, and direct report 
meeting – planning and execution), residual, factor variance, and factor covariance 
invariances were demonstrated. Behaviors rated by the ACs across these exercises were 
shown to be reliable. 
Results for the Arthur et al.’s (2003) six dimensions and an overall ability factor 
models 
Prior to MI testing, inter-correlations of the PEDRs after controlling for an overall 
ability factor were examined (Table 5). Compared to the PEDRs that were not controlled 
for the overall ability factor, across-dimension correlations were much smaller and many 
of the correlations were negative. Specifically, the ranges of the correlations were -.42 
~ .25 (mean r = -.19) within the customer process meeting exercise, -.67 ~ .28 (mean r = -
.16) within the direct report meeting exercise, -.46 ~ .16 (mean r = -.19) within the 
interview exercise, and -.41 ~ .13 (mean r = -.18) within the planning and execution 
exercise. None of the correlations was statistically significant. Noting the considerable 
decrease in correlations among the dimensions after partialling out the overall ability 
factor, it can be inferred that the six dimensions were strongly saturated with the overall 
ability factor. 
The same sequence of MI tests was conducted with the additional seven AC models 
MEASUREMENT INVARIANCE OF ASSESSMENT CETNERS ３３ 
 
grounded on the six dimensions of the Arthur et al. (2003) and an overall ability factor. 
Initially, a MI testing model across the four exercises (i.e., customer process meeting, 
direct report meeting, interview, and planning and execution) was investigated as an 
omnibus MI test. Then, MI was assessed across all the six pairs of the four exercises. Six 
steps of MI tests for configural, metric, scalar, residual, factor variance, and factor 
covariance invariance were performed. Table 6 presents the model fit indices of the seven 
AC models across the six MI testing steps. 
Configural invariance 
The AC models with the six dimensions and an overall ability factor across the four 
exercises yielded a CFI of .882 and a RMSEA of .035 (90% confidence interval = .034 
~ .035). In the MI testing models based on the items that were common across the pairs 
of the four exercises, CFIs ranged from .808 (direct report meeting and interview 
exercises) to .848 (customer process meeting and planning and execution exercises) and 
RMSEAs ranged between .040 (interview and planning and execution exercises) and .046 
(customer process meeting and planning and execution exercises). Inclusion of the 
overall ability factor worked in favor of the goodness of fit in general. Though the CFIs 
did not meet the criterion for good fit (i.e., greater than .95), the RMSEAs were all 
under .05 indicating the configural invariance models were of acceptable model fit. After 
controlling for the overall ability factor, the six dimension-based AC measurement 
constructs were shown to be consistent across the multiple exercises. 
Metric invariance 
 In the four exercises based omnibus MI testing model, CFI decreased from .882 
to .867 while RMSEA slightly decreased from .035 (90% confidence interval = .034 
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~ .035) to .034 (90% confidence interval = .034 ~ .035) when equal factor loading 
constraints were imposed. The ΔCFI was not greater than .02 and RMSEA confidence 
intervals overlapped, suggesting metric invariance. Similarly, MI testing models across 
the customer process meeting – direct report meeting, customer process meeting – 
interview, direct report meeting – interview, and interview – planning and execution 
exercises, CFI decreases were not greater than .02 and presence of the 90% RMSEA 
confidence interval overlaps were observed compared to the configural invariance MI 
testing models. 
Generally, items of the ACs represent the underlying ability dimensions to the equal 
extent across numerous work simulations. In other words, manifestation of the six 
dimensions were fairly consistent across the four exercises (i.e., customer process 
meeting, direct report meeting, interview, and planning and execution) as well as pairs of 
exercises such as customer process meeting – direct report meeting, customer process 
meeting – interview, direct report meeting – interview, and interview – planning and 
execution exercises.  
However, this was not always the case. Unlike the other five metric MI testing 
models, metric invariance was not supported across the customer process meeting – 
planning and execution (ΔCFI > .02) and direct report meeting – planning and execution 
exercises (ΔCFI > .02 and absence of RMSEA 90% confidence intervals). To investigate 
any systematic factor loading invariance pattern, item factor loadings in the configural 
invariance testing models (before imposing equal factor loading constraints) were 
examined. Figure 13 presents the factor loadings on multiple dimensions (six dimensions 
of Arthur et al. (2003) and an overall ability dimension) across the customer process 
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meeting – planning and execution exercises, and Figure 14 presents the factor loadings 
for the direct report meeting – planning and execution exercises. The planning and 
execution exercise shows a general trend of having weaker factor loadings for particular 
dimensions than the customer process meeting and the direct report meeting. The most 
notable factor loading discrepancies were observed in the problem solving dimension. 
Compared to problem solving factor loadings in the customer process meeting exercise 
(mean  = .352), the planning and execution factor loadings were markedly weaker 
(mean  = -.047). Similar patterns were observed when problem solving factor loadings 
in the direct report meeting (mean  = .281) were compared to those in the planning and 
execution exercise (mean  = -.066). Factor loadings of the consideration of others, 
communication, and organization and planning dimensions were also smaller when 
measured within the customer process meeting than the planning and execution exercise, 
though these discrepancies were less pronounced than those for problem solving. This 
indicates that the planning and execution exercise may be less effective at tapping the 
specific, unique variance of particular dimensions than are the direct report meeting and 
the customer process meeting. 
The only exception to this pattern appears for the consideration of others and 
organization and planning dimensions when comparing planning and execution to the 
direct report meeting. Means of the factor loadings for the consideration of others 
dimension across the direct report meeting and planning and execution exercises 
were .200 and .362, respectively. Means of the factor loadings for the organization and 
planning dimension across the same exercises were -.382 and -.183. Thus, compared to 
the direct report meeting, the planning and execution exercise may have some advantages 
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for assessing the unique variance of these two dimensions. 
Finally, the factor loadings on the overall ability factor did not vary substantially 
when the planning and execution exercise was compared to either the customer process 
meeting or the direct report meeting. These findings suggest that general halo in the AC 
ratings similarly influences individual exercise while how much genuinely unique 
variance can be garnered by the exercises may differ once the halo is removed. 
Examination of the factor loading in-equivalence across different exercises suggests 
that ratings on a particular ability dimension may have more dimension-specific variance 
that is distinct from an overall performance variance when the ratings are made within 
certain exercises. Thus, in order to get in-depth understanding of unique aspects of an 
ability dimension, AC designers need to carefully select appropriate exercises which can 
serve as better vehicles for the dimension than other exercises. The next step of scalar 
invariance MI testing was meaningful only for the five models in which the metric 
invariance was established because differences in factor loadings may influence 
structural-level variances (e.g., factor covariance).  
Scalar invariance 
An addition of the equal factor loading constraints to the MI testing model with an 
overall ability factor across the four exercises resulted in CFI decreases greater than .02 
(ΔCFI = .098) and non-overlapping 90% RMSEA confidence intervals. The range of 90% 
confidence interval of RMSEA was .034 ~ .035 in the metric invariance testing model 
(i.e., before equal intercept constraints were imposed), while it was .043 ~ .045 in the 
scalar invariance testing model. The intercepts of the MI testing model across the four 
exercises prior to constraining the intercepts to be equal (i.e., metric invariance testing 
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model) were presented in Figure 15. For all of the five dimensions such as consideration 
of others, communication, influencing others, organization and planning, and problem 
solving, ratings made within the interview exercise returned the highest intercepts. These 
findings show a lack of scalar invariance across the four exercises. The intercepts of the 
item ratings varied significantly across the different job simulation contexts (i.e., 
exercises). 
Similarly, scalar invariance was not supported in the MI testing models across the 
customer process meeting – direct report meeting, customer process meeting – interview, 
direct report meeting – interview, and interview – planning and execution exercises. For 
these models, CFI decreased greater than .02 and 90% RMSEA confidence intervals no 
longer overlapped once the equal-intercept constraints were imposed on the metric 
invariance MI testing models. Figures 16, 17, 18, and 19 present intercepts of the items in 
the metric MI testing models across the customer process meeting – direct report meeting, 
customer process meeting – interview, direct report meeting – interview, and interview – 
planning and execution exercises, respectively. Across the customer process meeting – 
direct report meeting exercises, no systematic intercept inflation or deflation on the six 
dimensions was detected. What is more noteworthy is that intercepts of the items were 
always higher when the items were rated within the interview exercise. These findings 
were consistent with the previously observed results from the Arthur et al.’s (2003) six-
dimension-only models. The AC raters tended to give more lenient ratings on the 
dimensions measured within the interview exercise. As previously mentioned, the 
interview exercise which focuses less on specific and objective performance behaviors 
may have resulted in systematic rating inflation. 
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Although the scalar invariance was not established, further MI tests of residual, 
factor variance, and factor covariance invariance were conducted because the intercepts 
may vary across exercises as the behavior denoted by the AC items might be more or less 
appropriate in certain exercises and this intercept difference can be easily addressed by 
within exercise score standardization. Moreover, mean-level comparison across different 
exercises where the intercept discrepancy is more critical was not the major goal of the 
current MI testing. 
Residual (uniqueness or error) invariance 
Across the customer process meeting, direct report meeting, interview, and problem 
solving exercises, CFI was changed from .769 to .742 and RMSEA slightly increased 
from .044 (90% confidence interval = .043 ~ .044) to .045 (90% confidence interval 
= .044 ~ .045) after the inclusion of unvarying error variance constraints. According to 
the present study’s significant model fit deterioration standards, errors in the AC item 
ratings across the exercises were not equivalent. Errors of the items in the scalar MI 
testing model across the four exercises were presented in Figure 20. Notable 
discrepancies in the residuals were mainly due to the interview exercise. The errors of the 
items measured within the interview exercise were the smallest for most of the items 
compared to the item errors measured within other three exercises. 
In testing for residual invariance across the customer process meeting – direct 
report meeting exercises, the CFI decreases were not greater than .02 and RMSEA 90% 
confidence intervals remained overlapping. Thus, AC items’ measurement errors were not 
significantly different across the customer process meeting and direct report meeting 
exercises. 
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Residuals of the AC items were shown to be heterogeneous across the customer 
process meeting – interview, direct report meeting – interview, and interview – planning 
and execution exercises. Across these pairs of exercises, CFI decreases were all greater 
than .02 and non-overlap of 90% RMSEA confidence intervals was observed as the equal 
residual constraints were additionally included. Figures 21, 22, and 23 respectively 
present residuals from the scalar invariance testing models across the customer process 
meeting – interview, direct report meeting – interview, and interview – planning and 
execution exercises. With only a few exceptions, all the AC items measured within the 
interview exercise reported the smaller measurement errors compared to when they were 
measured within other exercises (i.e., customer process meeting, direct report meeting, 
and planning and execution). This pattern was similar to the residual invariance testing 
model across the entire four exercises. Consistently smaller measurement errors within 
the interview exercise could possibly be related with positive self-representation of the 
AC assessees within the interview exercise and subsequent relatively strong consistency 
across the interview exercise items. 
Factor variance invariance 
Factor variance equivalence testing was conducted only for the MI testing model 
across the customer process meeting and direct report meeting exercises because equal 
residual constraints did not result in significant model fit deterioration in this model. 
Before and after adding invariant factor variance constraints to the residual invariance 
testing model, CFI remained to be equal as .813. RMSEA and its confidence interval also 
remained same as .048 (90% confidence interval = .047 ~ .048). Across the customer 
process meeting and direct report meeting exercises, variances of the seven factors 
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including six dimensions and a single overall ability dimension were consistent. The AC 
items used in this model were reliable across the exercises, given the residual and factor 
variance invariances were established (Schmitt, Pulakos, & Lieblein, 1984). In addition, 
the two exercises seem to elicit the same variability in the expression of unique 
dimensions. 
Factor covariance invariance 
Finally, covariances among the six factors (i.e., Arthur et al.’s (2003) six 
dimensions) in the MI test across the customer process meeting and direct report meeting 
exercises were constrained to be the same. The CFI and RMSEA of this factor covariance 
invariance testing model were .805 and .048 (90% confidence interval = .048 ~ .049), 
indicating no significant model fit deterioration. Therefore, factor covariance invariance 
was supported in the MI testing model. Relationships among the AC dimensions and an 
overall ability factor were stable across the customer process meeting and direct report 
meeting exercises and strong structural invariance was supported.  
Summary 
Five out of seven MI testing models based on the six dimensions of Arthur et al. 
(2003) plus an overall ability factor displayed metric equivalence and lack of scalar 
invariance across the four exercises, exercise pairs such as customer process meeting – 
direct report meeting, customer process meeting – interview, direct report meeting – 
interview, and interview – planning and execution exercise pairs. For these models, MI 
failed as item intercepts were constrained to be equal across the exercises. The AC items 
rated within the interview exercise had greater intercepts than when they were rated 
within other exercises and it was the most notable contributor of MI breakdown of scalar 
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invariance. Further examination of measurement invariance was conducted for only these 
five MI testing models. AC item residuals substantially varied across all combinations of 
exercises except for the direct report meeting and the customer process meeting. For most 
of the items, measurement errors were smaller when rated within the interview exercise 
than when the items were measured within the other exercises. However, the customer 
process meeting and direct report meeting displayed full measurement invariance, which 
is not surprising given the similarity between the two exercises. Both exercises simulate 
job situation of interaction with others and attempt to elicit work-related interpersonal 
skills such as communication and understanding others’ needs. 
Across the customer process meeting – planning and execution and direct report 
meeting – planning and execution exercises, MI failed at the metric invariance testing 
step. Many of the item loadings on the Arthur et al.’s (2003) six dimensions were 
negative and most of them were smaller within the planning and execution exercise. On 
the other hand, all the item loadings on the overall ability factor were positive and 
showed no considerable discrepancies across the exercise pairs. Lack of variance after 
partialling out the overall performance factor seemed to cause the inequivalence of factor 
loadings across the customer process meeting – planning and execution and direct report 
meeting – planning and execution exercises. A fair amount of support for MI of the ACs 
was established even after controlling for the general halo effect, but it was slightly 
weaker than the MI testing results from the Arthur et al.’s (2003) six dimensions only 
models. It could be because particular exercises (e.g., customer process meeting) were 
more sensitive to capturing the unique variances of certain AC dimensions (e.g., problem 
solving) than other exercises (e.g., planning and execution).
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Discussion 
The present study revisited the dimensional construct validity issue of ACs with 
relatively new method, MI analysis. MI examines whether the meaning attached to 
certain AC dimensions is consistent in the behaviors manifest across multiple AC 
appraisal situations (i.e., exercises). MI is a foundational prior of testing MTMM which 
attempts to answer fundamental questions about discriminant validity of dimensions 
within an exercise and its stability across different exercises. If there is lack of MI, it 
means that behaviors of individuals exhibited by AC dimensions are not consistent across 
different AC situations and the MTMM framework would be inappropriate to capture the 
consistency of the behaviors.  
To examine measurement invariance across AC exercises, I drew from an archival 
dataset with several focal strengths. First, the present study was based on a large size AC 
data (over 5,000 assessees) obtained from a HR firm and this adds reliability and 
generalizability of the study findings to bona fide AC contexts. Secondly, behavioral 
items of the ACs that the present study utilized were consistent across different exercises. 
In order to prevent chance of MI failure due to use of different items across multiple 
exercises, only the same items across exercises were used for MI testing. Finally, this 
study was conducted by following the well organized taxonomy of AC dimensions 
established by Arthur et al. (2003) and potential underestimation of discriminant validity 
of AC dimensions due to lack of distinction between redundant dimensions could have 
been precluded. Use of “conceptually meaningful and manageable” (Arthur et al., 2000, 
pp. 131) dimensions is important because AC assessors may generate indistinguishable or 
unrelated ratings on possibly distinct or related ability dimensions. This would undermine 
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the construct validity of ACs regardless of the consistency of skills or abilities 
(dimensions) expressed across different methods (exercises). 
The results of the present study provide several critical conclusions about the 
meaning of AC behaviors and ratings. First, they showed that MI of the ACs is not perfect. 
However, most of the invariance stems from mean-level differences across exercises, 
which can be readily addressed by using within-exercise norms for scoring the 
dimensions. Specifically, MI did not fail until the item intercepts were fixed to be equal 
across the exercises in all of the seven different MI testing models based on the Arthur et 
al.’s (2003) six dimensions. In the five (i.e., across the customer process meeting – direct 
report meeting – interview – planning and execution, customer process meeting – direct 
report meeting, customer process meeting – interview, direct report meeting – interview 
and interview – planning and execution exercise pairs) out of the seven additional models 
based on the six dimensions and an overall performance factor, MI was demonstrated at 
the metric invariance testing. Also, MI in the residuals of the items, variances of the 
factors, and covariances of the factors were supported across the customer process 
meeting – direct report meeting, customer process meeting – planning and execution, and 
direct report meeting – planning and execution exercises for the six dimension based MI 
testing models and across the customer process meeting – direct report meeting exercises 
for the six dimension and an overall ability factor based MI testing model. These findings 
in general indicate that constructs of skills and behaviors supposed to be measured by the 
ACs are represented in fairly stable manners across the exercises and the designs of the 
ACs based on current items and exercises were appropriate. Hence, MTMM seems to be 
a pertinent framework to examine the construct validity of the present ACs.  
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Second, the interview stood out as most different from the other exercises in the 
manner in which dimensions were measured. Compared to other exercises, AC assessors 
gave more lenient ratings within the interview exercise while more rigorous ratings 
within the planning and execution exercise with only few exceptions across the many 
items of the ACs. This was the case not only for the Arthur et al.’s (2003) six dimension 
only models but also for the models grounded on the six dimensions plus an overall 
performance dimension. Additionally, residuals of the items were consistently smaller 
when the items were utilized within the interview than other exercises. What serves as a 
reference within the interview exercise in AC ratings is assessees’ self-presentation, 
which is likely to be positively disposed to the assesses, while ratings within other 
exercises are based more on behavioral and objective performance. Also, the interview 
exercise which involves more person-to-person relationships (i.e., conversation) between 
ratees and raters instead of observation of simulated job performance is likely to create 
‘less judgmental’ situation and might have been lowered raters’ response threshold. As a 
result of inflated AC ratings, a ceiling effect may occur and potential ranges of the rating 
errors might have been shrunk. Across items, the average standard deviations of AC 
ratings made within the interview exercise was smaller than those of three other exercises 
(i.e., .74 versus .90, .90, and .85 in the interview, customer process meeting, direct report 
meeting, and planning and execution exercises were respectively). 
Third, some of the dimensions showed only little dimension-specific variance after 
the effect of overall performance was controlled for within particular exercises. Many of 
the factor loadings of the problem solving dimension were negative when measured 
within the planning and execution exercise in the configural invariance testing models 
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across the customer process meeting - planning and execution and direct report meeting - 
planning and execution exercise pairs (Figure 13 & 14). However, when the dimension 
was measured within the customer process meeting or direct report meeting, all the factor 
loadings with only few exceptions were positive. For the same MI testing models, factor 
loadings of the organization and planning dimension were mostly negative when 
measured within the planning and execution or direct report meeting exercises, while 
they were positive within the customer process meeting. Near zero or negative factor 
loadings were due to the items that have only little remaining variance to lend to the 
specific competency dimensions once the overall ability factor variance was separated 
out. Hence, the findings suggest that specific skills or behaviors assessed by the ACs may 
be strongly saturated with an overall performance variance. In the meanwhile, some 
exercises maybe more appropriate to exhibit the unique aspects of the skills and abilities 
that are distinct from the general performance factor. In congruence with one of the major 
concerns of applying MTMM to ACs raised by Howard (1997), relevance of some 
exercises to particular dimensions obviously varied across different exercises. In order to 
preserve unique value of a particular dimension, the dimension needs to be measured 
within certain exercises that are sensitive to the variances of the dimension. 
Theoretical Implications for Assessing AC Construct Validity 
The MI framework was adopted in order to investigate the interplay between AC 
dimensions and exercises, as the previous MTMM-based studies have consistently shown 
the dominance of exercise effects over dimension effects. Though some specificity was 
detected in how a dimension is expressed in a particular context (i.e., higher scores of 
dimension ratings within interview exercise), substantial level of measurement and 
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structural equivalence identified in this study suggest that dimension scores from 
different exercises can generally be treated as measuring the same construct. In other 
words, at least three of the four exercises of the ACs were shown to be equivalent 
vehicles for representing the dimension related skills and behaviors. 
Factor loading invariance failed only across the two exercise pairs (i.e., customer 
process meeting – planning and execution and direct report meeting – planning and 
execution) out of 14 MI testing models examined in this study when an overall 
performance factor was specified along with the six dimensions of Arthur et al. (2003). 
Moreover, substantial structural invariance such as factor variance and factor covariance 
invariance were supported across the four different exercise pairs such as customer 
process meeting – direct report meeting (with or without the overall performance factor), 
customer process meeting – planning and execution (without the overall performance 
factor), and direct report meeting – planning and execution (without the overall 
performance factor). Specifically, one’s skills and abilities to handle and reflect a 
consideration for the feelings and needs of others (i.e., consideration of others), how 
effectively the person utilizes oral and written information to meet job requirements (i.e., 
communication), how motivated the person is to meet higher achievement standards (i.e., 
drive), to which degree the person shows appropriate leadership or influence on others to 
produce desired results (i.e., influence others), how efficiently the person arranges the 
given resource to accomplish tasks (i.e., organization and planning), and the extent to 
which the person understands the core of tasks and generate feasible solutions or action 
plans (i.e., problem solving) are the same construct whether they are appraised in multiple 
situations such as customer process meeting, direct report meeting, interview, and 
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planning and execution exercises. Even though the person’s skills and abilities may have 
some contextual bounds, they were mainly due to mean-level differences across the 
exercises. In other words, by using within-exercise norms for AC assessors, discrepancies 
in the dimensional ratings due to potential threshold gaps unique to a particular exercise 
can be quickly adjusted, then ratings of the same dimension within one exercise can be 
comparable to those from other exercises. Future studies aimed at testing AC construct 
validity by applying MTMM framework need to first check MI of the AC dimensions 
across the multiple exercises.  
Practical Implications for AC Design 
The findings from the present study point to several pragmatic guidelines in how 
ACs should be designed and scored. First, some rating guidelines or within exercise 
norms are necessary to address the leniency / harshness effects in specific exercise 
situation (i.e., lenient ratings within the interview and harsh ratings within the planning 
and execution exercise). Alternately, training for AC raters could ensure consistency in 
different scale anchors across multiple exercises. With either approach, adjusting the 
dimensional scores within the interview exercise should be considered in order to 
minimize the systematic item score inflation or deflation. In particular, when the ratings 
from different exercises need to be combined to create an OAR, ratings from the lenient 
or harsh exercises need to be properly adjusted to make them commeasurable with ratings 
within other exercises. A failure of doing this can be very problematic for an OAR 
comparison of the two assesses who undergone different types of exercises when 
assesses’ performance showed greater differences within the lenient or harsh exercises 
while their performances were very close within other exercises. Without addressing 
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harsh or lenient rating issues within particular exercises, the OAR comparison can be 
unfair and misleading. 
Secondly, interpretation of the ratings on different types of dimensions needs a 
careful consideration of an overall performance factor. Overall performance factor 
encompassing every dimension assumed in the ACs showed more consistent 
representation across the four exercises. Strong inter-correlations among the six 
dimensions might have been resulted in due to large portion of common variances among 
the six dimensions, which can be regarded as an overall performance variance. Also, 
factor loadings of many items shrunk to be negative in most of the six dimensions after 
controlling for the overall performance factor. Six dimensions’ dimension specific 
variances seem to be relatively weak compared to those of the overall performance factor. 
Moreover, across-dimension inter-correlations showed considerable decreases when 
overall performance factor was assumed in the construct models. This suggests that 
multiple dimensions stand to be independent only after controlling for the dominating 
overall performance factor variance. The ACs seem to better indicate the general 
performance, rather than being sensitive enough to catch every details of specific skills 
and behaviors.  
Given that some dimensions reported more meaningful (i.e., positive and large) 
factor loadings within particular exercises, dimension and exercise combination should 
be carefully selected. Across the customer process meeting and planning and execution 
exercises (Figure 13), and across the direct report meeting and planning and execution 
exercises (Figure 14) after partialling out an overall ability factor, where significant factor 
loading in-equivalences were observed, the planning and execution returned mostly 
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negative factor loadings on the problem solving dimension. This indicates that the 
exercise may not be able to properly capture the unique attributes of the problem solving 
related behaviors. It is also noteworthy that exercises where certain dimensions best stand 
for in terms of factor loadings after controlling for the overall performance factor varied 
across different exercise pairs. For example, the consideration of others dimension 
showed weaker factor loadings within the planning and execution exercise than within 
the customer process meeting (Figure 13). However, when MI was tested across the 
direct report meeting and planning and execution exercises, the same dimension 
presented stronger factor loadings within the planning and execution exercise (Figure 14). 
Limitations and Future Directions  
There are some limitations in the current study as well. The items included in the 
MI tests were not common across all exercises. Different numbers of the AC items from 
the dimension specific item pools were used across different individuals and multiple 
exercise situations. As the MI tests were conducted only with the items that were 
common across the different combinations of the four exercises, it is possible that in-
equivalent items were already screened out. On the contrary, it is also possible that some 
items that would have strengthened the overall MI were excluded in the analyses. In this 
study, items were chosen purely by AC designs, not by items potential consistency, hence 
weak or strong MI items could have been randomly included. Every item for different 
dimensions needs to be examined across numerous exercises for an ideal MI test across 
the exercises. 
In addition, MI was tested only across the four different exercises and their pairs in 
the present study. However, if different types of exercises such as oral presentation, job 
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knowledge tests, personality tests, and team work were used, different findings regarding 
the ACs’ MI might have been observed because some of these exercises may not be able 
to represent particular dimensions as consistently as the four exercises of the present 
study did. Note the findings that the problem solving dimension’s factor loadings were 
greater within the planning and execution exercise when MI was tested across the direct 
report meeting and planning and execution exercises with controlling for the overall 
ability factor. In the same MI testing model, the consideration of others showed stronger 
factor loadings within the planning and execution exercise. Hence, the findings of the 
current study should not be generalized beyond the customer process meeting, direct 
report meeting, interview, and planning and execution exercises.
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Conclusion 
The present study adopted a multi-group CFA based MI testing approach to 
examine whether AC dimensional constructs are consistent across multiple exercises. 
Factor structure- or factor loading-level MI was observed with or without an overall 
ability factor. Also, across some exercise pairs, strong structural-level MI such as factor 
variance and factor covariance invariance was observed. The findings support the use of 
MTMM approach to investigate the construct validity of ACs as the different skills and 
behaviors represented by the dimensions were fairly consistent regardless of in which 
situations (exercises) the ACs were implemented. However, notable mean-level 
discrepancies (i.e., intercept in-equivalence) and strong overall performance effects were 
detected. Some dimensions stood better within certain exercises when the overall 
performance factor was controlled for. Caution is needed in designing of ACs and in 
interpretation of the AC results. 
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Footnotes 
1 
The most frequent goal of AC was promotion (54%) and it was reported that 19% of AC 
practices were for selection (Eurich, Krause, Cigularov, & Thornton, 2009) 
2 
Every individual was measured with different sets of items as the primary goals of ACs 
differed across individuals and different types of exercises and dimensions had to be used.
 
3
 MI was also tested with the items that were common across three-set combinations of 
the four exercises: 1) customer process meeting, direct report meeting, and interview, 2) 
customer process meeting, direct report meeting, and planning and execution, 3) 
customer process meeting, interview, and planning and execution, 4) direct report 
meeting, interview, and planning and execution. The observed pattern of results in these 
three-set combinations closely matched those from analyzing exercises in pairs. Though 
models with the three sets of exercises were not further addressed in the text here, the 
interested reading can find relevant tables from these analyses in the appendix. 
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Appendix 1. MI testing results for the Arthur et al.’s (2003) six dimensions only models 
across the three sets of exercises 
  CPM /DRM /INT CPM /DRM /PE CPM/ INT/ PE DRM/ INT/ PE 
Configural Invariance         
χ²  50929.67 39796.91 3045.7 40237.39 
df 1542 1086 1086 1455 
CFI .712 .766 .760 .760 
RMSEA .050 .051 .046 .046 
RMSEA 90% CI .050-.050 .051-.052 .046-.047 .046-.047 
Metric Invariance 
    
χ²  52582.71 4191.43 32519.7 42232.27 
df 1598 1132 1132 1511 
CFI .702 .754 .743 .749 
RMSEA .050 .052 .047 .044 
RMSEA 90% CI .050-.050 .051-.052 .046-.047 .044-.044 
Scalar Invariance 
    
χ²  65647.48 53269.98 46509.74 56144.99 
df 1662 1190 1190 1577 
CFI .626 .685 .629 .663 
RMSEA .055 .057 .055 .050 
RMSEA 90% CI .054-.055 .056-.057 .055-.055 .050-.050 
Residual Invariance 
    
χ²  71156.58 55283.82 51137.78 62213.63 
df 1730 1248 1248 1643 
CFI .595 .673 .592 .626 
RMSEA .056 .056 .056 .052 
RMSEA 90% CI .056-.056 .056-.057 .056-.057 .051-.052 
Factor Variance Invariance 
    
χ²  71884.71 56078.09 5167.31 6287.01 
df 1742 1260 1260 1653 
CFI .590 .669 .588 .588 
RMSEA .056 .057 .056 .056 
RMSEA 90% CI .056-.056 .056-.057 .056-.057 .056-.057 
Factor Covariance Invariance 
    
χ²  73256.48 57141.95 52943.32 64015.54 
df 1772 1290 1290 1673 
CFI .583 .663 .578 .615 
RMSEA .056 .056 .056 .052 
RMSEA 90% CI .056-.056 .056-.057 .056-.057 .052-.052 
Notes. CPM: customer process meeting. DRM: direct report meeting. INT: interview. PE: 
planning & executive exercise. Boldface: MI criterion 
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Appendix 2. MI testing results for the Arthur et al.’s (2003) six dimensions and an overall 
ability factor models across the three sets of exercises 
  CPM /DRM /INT CPM /DRM /PE CPM/ INT/ PE DRM/ INT/ PE 
Configural Invariance         
χ²  24911.52 21789.52 20197.22 25582.77 
df 1440 999 1004 1360 
CFI .863 .874 .843 .851 
RMSEA .036 .039 .039 .036 
RMSEA 90% CI .035-.036 .039-.040 .038-.039 .035-.036 
Metric Invariance 
    
χ²  28851.61 26131.84 2480.95 29686.9 
df 1562 1101 1104 1479 
CFI .841 .849 .806 .826 
RMSEA .037 .041 .041 .037 
RMSEA 90% CI .037-.037 .040-.041 .041-.042 .037-.037 
Scalar Invariance 
    
χ²  38269.05 36233.58 34796.58 41776.72 
df 1626 1159 1160 1543 
CFI .786 .788 .725 .752 
RMSEA .042 .047 .048 .043 
RMSEA 90% CI .042-.042 .047-.048 .048-.048 .043-.044 
Residual Invariance 
    
χ²  42868.13 38035.43 38229.12 47113.52 
df 1694 1217 1218 1609 
CFI .760  .778 .697 .719 
RMSEA .044 .047 .049 .045 
RMSEA 90% CI .043-.044 .047-.048 .049-.050 .045-.046 
Factor Variance Invariance 
    
χ²  43767.08 39152.81 39749.69 48097.17 
df 1708 1231 1232 1621 
CFI .754 .771 .685 .685 
RMSEA .044 .048 .050  .050  
RMSEA 90% CI .043-.044 .047-.048 .049-.050 .049-.050 
Factor Covariance Invariance 
    
χ²  45132.82 39685 40582.08 48488.75 
df 1739 1261 1262 1641 
CFI .747 .768 .679 .711 
RMSEA .044 .047 .050  .045 
RMSEA 90% CI .044-.044 .047-.048 .049-.050 .045-.046 
Notes. CPM: customer process meeting. DRM: direct report meeting. INT: interview. PE: 
planning & executive exercise. Boldface: MI criterion 
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Table 1-A. Means and standard deviations across the four exercises: items of the 
consideration of others dimension 
  
Customer Process  
Meeting 
Direct Report  
Meeting 
Interview 
Planning  
and Execution 
  Mean SD Mean SD Mean SD Mean SD 
 
consideration of others 
1_28 - - - - 3.43  .77  2.88  .80  
1_37 2.20  1.01  2.84  1.03  3.20  .82  2.62  .95  
1_47 2.92  .92  3.11  .91  3.46  .80  2.79  .91  
1_59 - - 3.24  .88  3.19  .71  3.01  .99  
1_60 - - 3.19  .83  3.37  .70  2.97  .79  
1_61 - - - - 3.06  .76  - - 
1_63 - - 2.04  1.00  2.98  .81  2.49  .85  
1_65 - - 2.40  1.01  2.99  .77  2.18  .89  
1_70 - - - - 3.15  .54  2.84  1.09  
1_71 2.76  1.00  - - 3.08  .76  - - 
1_74 3.19  .98  - - 3.49  .77  - - 
1_76 2.40  1.00  - - 3.17  .74  - - 
1_77 2.96  .95  - - 3.26  .65  - - 
1_83 3.00  .92  3.12  1.01  3.38  .85  - - 
1_84 2.88  .88  2.96  1.00  3.35  .82  2.86  .73  
1_85 - - - - 3.41  .88  - - 
1_86 2.96  .99  2.90  1.05  3.23  .81  2.81  .79  
1_88 3.01  .70  2.98  .73  3.26  .55  2.84  .58  
1_90 - - - - 3.34  .79  - - 
1_92 2.93  .48  2.96  .48  3.02  .44  - - 
1_93 2.48  .95  2.67  .92  3.04  .77  - - 
1_103 2.99  1.00  2.96  1.09  3.14  .73  - - 
1_104 2.90  1.01  2.76  1.03  3.15  .79  2.78  .96  
1_106 3.12  .93  3.02  .97  - - 2.55  .85  
1_113 - - - - 3.61  .74  - - 
1_123 3.33  .86  - - 3.57  .75  - - 
1_124 3.43  .84  - - 3.74  .82  3.27  .90  
1_125 2.79  .84  - - 3.34  .52  2.82  .83  
1_138 - - - - 3.02  .60  - - 
1_140 - - - - 3.28  .71  - - 
overall 2.90 .90 2.88 .93 3.27 .73 2.78 .86 
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Table 1-B. Means and standard deviations across the four exercises: items of the 
communication and drive dimensions 
  
Customer Process  
Meeting 
Direct Report  
Meeting 
Interview 
Planning  
and Execution 
  Mean SD Mean SD Mean SD Mean SD 
 
communication 
2_50 2.87  .89  3.03  .93  3.33  .69  2.59  .88  
2_53 2.68  .91  2.81  .87  3.29  .76  - - 
2_62 2.94  .87  2.56  .89  3.00  .75  - - 
2_101 2.89  .68  3.02  .62  3.28  .84  - - 
2_102 - - - - - - 2.94  .56  
2_105 3.08  .92  3.24  .93  3.33  .80  - - 
2_108 3.03  .94  2.89  .85  - - - - 
2_111 2.85  .74  2.93  .94  3.31  .67  2.59  .89  
2_112 2.33  1.05  3.03  .96  3.16  .85  2.57  1.02  
overall 2.83 .87 2.94 .88 3.24 .77 2.67 .86 
 
drive  
3_43 3.02  1.04  3.07  1.12  3.57  .81  2.54  .88  
3_48 2.52  .89  2.58  .89  - - 2.49  .86  
3_67 2.87  .77  2.87  .53  - - - - 
3_99 2.82  .57  - - 2.98  .47  - - 
3_115 - - - - 3.60  .82  - - 
3_117 - - - - 3.12  .84  - - 
3_118 - - - - 3.35  .64  - - 
3_119 - - - - 3.66  .73  - - 
3_120 - - - - 3.99  .77  - - 
3_121 - - - - 3.84  .79  - - 
3_129 2.99  .91  - - 3.60  .78  2.94  .86  
3_136 - - - - 3.10  .65  - - 
3_137 - - - - 2.84  .73  - - 
3_142 - - - - 3.30  .74  - - 
3_144 - - - - 3.25  .64  - - 
3_145 - - - - 3.31  .65  - - 
overall 2.84 .83 2.84 .85 3.39 .72 2.65 .87 
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Table 1-C. Means and standard deviations across the four exercises: items of the 
influencing others and organization and planning dimensions 
  
Customer Process  
Meeting 
Direct Report  
Meeting 
Interview 
Planning  
and Execution 
  Mean SD Mean SD Mean SD Mean SD 
 
influencing others 
4_42 3.07  .92  3.27  .99  3.38  .83  2.90  .92  
4_44 3.32  1.15  - - - - - - 
4_49 - - 2.62  .90  3.02  .69  2.70  .80  
4_52 - - 2.90  .87  3.31  .72  2.65  .83  
4_55 2.64  .79  2.56  1.04  3.11  .82  - - 
4_56 2.97  .93  3.11  .92  3.55  .87  2.90  .91  
4_64 - - 2.54  .99  3.20  .81  2.34  .88  
4_130 - - - - 3.15  .62  - - 
overall 3.00 .95 2.83 .95 3.25 .77 2.70 .87 
 
organization and planning 
5_9 2.95  .83  - - 3.46  .73  - - 
5_25 - - - - 3.51  .74  3.07  .91  
5_27 - - - - 3.36  .77  2.68  .89  
5_29 - - - - 3.26  .76  2.29  .88  
5_30 - - - - 3.23  .74  2.71  .92  
5_31 2.66  .97  3.04  .91  3.32  .76  2.78  .93  
5_32 2.45  .87  2.59  .87  3.27  .73  2.67  .86  
5_33 2.89  .92  3.09  .88  3.47  .75  2.65  .83  
5_35 2.35  .89  2.47  .93  3.15  .84  2.52  .80  
5_40 1.88  .87  2.18  .95  3.13  .84  2.24  .90  
5_45 2.80  1.03  2.87  .97  3.45  .80  2.75  .89  
5_66 - - 2.64  .90  2.98  .80  2.63  .89  
5_72 - - - - 3.23  .69  
  
overall 2.75 .93 2.77 .93 3.28 .77 2.66 .88 
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Table 1-D. Means and standard deviations across the four exercises: items of the problem 
solving dimension 
  
Customer Process  
Meeting 
Direct Report  
Meeting 
Interview 
Planning  
and Execution 
  Mean SD Mean SD Mean SD Mean SD 
 
problem solving 
6_1 - - 3.34  .96  - - - - 
6_2 3.24  .92  2.90  .98  3.44  .69  2.59  .84  
6_3 - - 3.02  .79  3.51  .69  2.96  .70  
6_4 3.26  .92  3.08  .98  3.52  .74  2.84  .87  
6_6 3.02  .97  2.84  .90  - - 2.59  .86  
6_7 - - 3.17  .69  3.47  .68  3.00  .69  
6_8 - - - - 3.57  .70  - - 
6_10 3.00  .83  3.27  .83  3.56  .70  3.01  .62  
6_12 2.81  .91  3.01  .91  - - 2.57  .83  
6_13 2.95  .85  3.04  .87  3.39  .67  2.68  .83  
6_14 2.66  .99  2.73  .84  3.54  .70  2.83  .89  
6_15 2.44  .94  2.66  .89  - - 2.63  .83  
6_16 2.73  .87  2.68  .86  3.53  .70  2.78  .76  
6_36 2.70  .85  - - 3.44  .78  - - 
6_68 2.51  .98  - - 3.34  .75  2.74  .91  
6_69 - - - - 3.40  .73  - - 
6_97 - - 2.91  .82  3.09  .67  - - 
6_98 - - 2.44  .84  2.96  .74  - - 
6_127 2.50  .96  - - 3.52  .69  2.72  .85  
overall 2.82 .92 2.94 .87 3.42 .71 2.76 .81 
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Table 2. Number of items, α reliabilities, and mean inter-item correlations in the six dimensions measured within the four different exercises 
 
Customer Process 
Meeting 
 
Direct Report 
Meeting 
 Interview  
Planning 
and Execution 
within-
dimension 
inter-item r 
 
# 
items 
α 
mean  
inter-item r 
 
# 
items 
α 
mean  
inter-item r 
 
# 
items 
α 
mean  
inter-item r 
 
# 
items 
α 
mean  
inter-item r 
consideration of others 18 .87 .27  15 .85 .28  29 .91 .25  15 .83 .25 .26 
communication 8 .77 .29  8 .74 .26  7 .74 .29  4 .65 .32 .29 
drive 5 .63 .25  3 .48 .23  14 .80 .22  3 .59 .33 .24 
influencing others 4 .62 .29  6 .72 .30  7 .69 .24  5 .74 .36 .29 
organization and planning 7 .77 .32  7 .76 .31  13 .83 .28  11 .83 .31 .30 
problem solving 12 .90 .43  14 .87 .33  15 .84 .26  13 .85 .31 .33 
within-exercise 
inter-item r 
- - .31  - - .29  - - .25  - - .30  
Note. mean inter-item r : Spearman-Brown estimation of the mean inter-item correlation 
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Table 3. Across-dimension correlations of the post-exercise dimension ratings without controlling for an overall ability factor 
 
consideration 
of others 
communication drive 
influencing  
others 
organization  
and planning 
problem solving 
Exercise : Customer Process Meeting (n = 3,765) 
consideration of others - 
     
communication .73 - 
    
drive .39 .43 - 
   
influencing others .48 .56 .53 - 
  
organization and planning .59 .58 .46 .55 - 
 
problem solving .68 .69 .58 .60 .74 - 
 
      
Exercise : Direct Report Meeting (n = 5,006) 
consideration of others - 
     
communication .66 - 
    
drive -.04 .28 - 
   
influencing others .63 .75 .36 - 
  
organization and planning .38 .57 .42 .67 - 
 
problem solving .60 .73 .29 .75 .66 - 
 
      
Exercise : Interview (n = 4,041) 
consideration of others - 
     
communication .71 - 
    
drive .34 .40 - 
   
influencing others .64 .66 .52 - 
  
organization and planning .52 .56 .45 .57 - 
 
problem solving .60 .63 .46 .57 .69 - 
 
      
Exercise : Planning and Execution (n = 4,813) 
consideration of others - 
     
communication .66 - 
    
drive .41 .43 - 
   
influencing others .67 .67 .55 - 
  
organization and planning .63 .60 .48 .66 - 
 
problem solving .66 .66 .47 .68 .74 - 
Note. All the correlation coefficients presented in the table were statistically significant at p < .01 level
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Table 4. MI testing results for the Arthur et al.’s (2003) six dimensions only models 
  CPM /DRM /INT /PE CPM /DRM CPM /INT CPM /PE DRM /INT DRM /PE INT /PE 
Configural Invariance  
      
χ²  
df 
30745.31 
 880 
49811.88 
1450 
43997.44 
1860 
30774.84 
1024 
53835.86 
1948 
42645.34 
1374 
35959.18 
1860 
CFI .791 .702 .685 .744 .681 .737 .743 
RMSEA  
RMSEA 90% CI 
.044  
.043-.044 
.062  
.061-.062 
.054  
.053-.054 
.058  
.058-.059 
.054  
.054-.055 
.055  
.055-.056 
.046  
.045-.046 
Metric Invariance  
      
χ²  
df 
33190.09 
 934 
50531.16  
1484 
45048.68 
1899 
32073.77 
1052 
55270.32 
1988 
44451.03 
1407 
36735.93 
1899 
CFI .774 .698 .677 .734 .673 .726 .737 
RMSEA  
RMSEA 90% CI 
.044  
.044-.045 
.061  
.061-.062 
.054  
.054-.054 
.059  
.058-.059 
.054  
.054-.055 
.056  
.055-.056 
.046  
.045-.046 
Scalar Invariance  
      
χ²  
df 
49515.56 
1003 
55354.56 
1524 
55078.66 
1944 
40188.83 
1086 
63897.27 
2034 
52137.53 
1446 
45378.15 
1944 
CFI .661 .669 .602 .664 .620 .677 .672 
RMSEA  
RMSEA 90% CI 
.052  
.052-.053 
.063  
.063-.064 
.059  
.059-.060 
.065  
.064-.065 
.058  
.058-.058 
.060  
.059-.060 
.050  
.050-.051 
Residual Invariance  
      
χ²  
df 
54096.81 
1072 
56612.58 
1564 
59137.57 
1989 
41243.63 
1120 
69577.58 
2080 
54478.95 
1485 
49420.94 
1989 
CFI .629 .661 .572 .655 .585 .663 .642 
RMSEA  
RMSEA 90% CI 
.053  
.053-.053 
.063  
.063-.064 
.061  
.060-.061 
.065  
.064-.065 
.060  
.060-.060 
.060  
.060-.061 
.052  
.052-.052 
Factor Variance Invariance  
      
χ²  
df 
55414.18 
1090 
56766.62 
1570 
59951.25 
1995 
41714.16 
1126 
70196.01 
2086 
54765.45 
1491 
49655.98 
1995 
CFI .620 .660 .566 .651 .582 .661 .640 
RMSEA  
RMSEA 90% CI 
.053  
.053-.054 
.063  
.063-.064 
.061  
.061-.061 
.065  
.064-.065 
.060  
.060-.060 
.060  
.060-.061 
.052  
.052-.052 
Factor Covariance Invariance  
      
χ²  
df 
56603.42 
1117 
57029.32 
1585 
60401.88 
2010 
42199.13 
1141 
71250.35 
2101 
55635.26 
1506 
49955.09 
2010 
CFI .612 .659 .563 .647 .575 .656 .638 
RMSEA  
RMSEA 90% CI 
.053  
.053-.053 
.063  
.063-.064 
.061  
.061-.061 
.065 
.064-.065 
.060  
.060-.061 
.061  
.060-.061 
.052  
.052-.052 
Notes. CPM: customer process meeting. DRM: direct report meeting. INT: interview. PE: planning & executive exercise. Boldface: MI criterion exceeded. 
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Table 5. Across-dimension correlations of the post-exercise dimension ratings after controlling for an overall ability factor 
 
consideration 
of others 
communication drive 
influencing  
others 
organization  
and planning 
problem solving 
Exercise : Customer Process Meeting (n = 3,765) 
consideration of others -      
communication .25  -     
drive -.42  -.41  -    
influencing others -.35  -.22  -.08  -   
organization and planning -.14  -.24  -.31  -.24  -  
problem solving -.09  -.14  -.20  -.35  .07  - 
 
      
Exercise : Direct Report Meeting (n = 5,006) 
consideration of others -      
communication .28  -     
drive -.67  -.46  -    
influencing others .14  .03  -.40  -   
organization and planning -.32  -.32  -.09  -.15  -  
problem solving .11  .07  -.47  -.04  -.05  - 
 
      
Exercise : Interview (n = 4,041) 
consideration of others -      
communication .16  -     
drive -.46  -.43  -    
influencing others -.04  -.09  -.17  -   
organization and planning -.26  -.28  -.23  -.27  -  
problem solving -.12  -.13  -.26  -.38  .13  - 
 
      
Exercise : Planning and Execution (n = 4,813) 
consideration of others -      
communication -.02  -     
drive -.40  -.41  -    
influencing others -.09  -.17  -.19  -   
organization and planning -.11  -.27  -.27  -.20  -  
problem solving -.07  -.16  -.35  -.18  .13  - 
Note. None of the correlation coefficients presented in the table was statistically non significant
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Table 6. MI testing results for the Arthur et al.’s (2003) six dimensions and an overall ability factor models 
 
CPM /DRM /INT /PE CPM /DRM CPM /INT CPM /PE DRM /INT DRM /PE INT /PE 
Configural Invariance 
       χ²  17627.08 24599.70 26287.43 18678.37 33156.77 26799.28 2646.93 
df 792 1370 1770 956 1857 1296 1772 
CFI .882 .857 .816 .848 .808 .838 .814 
RMSEA  .035 .044 .042 .046 .043 .045 .040 
RMSEA 90% CI .034 - .035 .043 - .044 .042 - .043 .046 - .047 .043 - .044 .044 - .045 .039 - .040 
Metric Invariance 
       χ²  19899.95 26224.06 28167.54 21127.07 32404.77 30298.20 26255.27 
df 909 1443 1853 1017 1941 1368 1853 
CFI .867 .847 .803 .827 .813 .816 .816 
RMSEA  .034 .044 .043 .048 .042 .046 .039 
RMSEA 90% CI .034 - .035 .044 - .045 .042 - .043 .047 - .049 .041 - .042 .046 - .047 .038 - .039 
Scalar Invariance 
       χ²  34012.93 30767.50 35946.37 27365.06 40617.46 37554.95 34675.86 
df 978 1483 1898 1051 1987 1406 1898 
CFI .769 .820 .745 .774 .763 .770 .753 
RMSEA  .044 .047 .048 .054 .046 .051 .044 
RMSEA 90% CI .043 - .044 .047 - .048 .048 - .048 .053 - .055 .046 - .047 .051 - .052 .044 - .045 
Residual Invariance 
       χ²  37935.84 31823.43 40433.67 28219.85 45307.99 39036.01 38792.27 
df 1047 1523 1943 1085 2033 1445 1944 
CFI .742 .813 .712 .767 .734 .761 .722 
RMSEA  .045 .048 .050 .054 .049 .051 .046 
RMSEA 90% CI .044 - .045 .047 - .048 .050 - .051 .053 - .055 .048 - .049 .051 - .052 .046 - .047 
Factor Variance Invariance 
       χ²  39938.32 31968.94 40297.60 29254.23 46709.08 40147.03 39021.29 
df 1065 1530 1950 1092 2040 1453 1950 
CFI .728 .813 .713 .758 .726 .754 .720 
RMSEA  .046 .048 .050 .054 .049 .052 .046 
RMSEA 90% CI .045 - .046 .047 - .048 .050 - .051 .054 - .055 .049 - .050 .052 - .053 .046 - .047 
Factor Covariance Invariance 
       χ²  40608.49 33257.22 40896.53 29254.23 47211.46 40423.55 39458.51 
df 1095 1545 1965 1107 2055 1468 1965 
CFI .724 .805 .709 .758 .723 .752 .717 
RMSEA  .045 .048 .050 .054 .049 .052 .046 
RMSEA 90% CI .045 - .046 .048 - .049 .050 - .051 .054 - .055 .049 - .050 .052 - .052 .046 - .047 
Notes. CPM: customer process meeting. DRM: direct report meeting. INT: interview. PE: planning & executive exercise. Boldface: MI criterion exceeded. 
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Figure 1. Exemplary AC measurement models without and with an overall ability factor 
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Figure 2. Intercepts across the customer process meeting (CPM), direct report meeting 
(DRM), interview (INT), and planning and execution (PE) exercises in the metric invariance 
MI testing model 
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Figure 3. Intercepts across the customer process meeting (CPM) and direct report meeting 
(DRM) exercises in the metric invariance MI testing model 
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Figure 4. Intercepts across the customer process meeting (CPM) and interview (INT) 
exercises in the metric invariance MI testing model 
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Figure 5. Intercepts across the customer process meeting (CPM) and planning and execution 
(PE) exercises in the metric invariance MI testing model 
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Figure 6. Intercepts across the direct report meeting (DRM) and interview (INT) exercises in 
the metric invariance MI testing model 
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Figure 7. Intercepts across the direct report meeting (DRM) and planning and execution (PE) 
exercises in the metric invariance MI testing model 
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Figure 8. Intercepts across the interview (INT) and planning and execution (PE) exercises in 
the metric invariance MI testing model 
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Figure 9. Residuals across the customer process meeting (CPM), direct report meeting 
(DRM), interview (INT), and planning and execution (PE) exercises in the scalar invariance 
MI testing model 
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Figure 10. Residuals across the customer process meeting (CPM) and interview (INT) exercises in the scalar invariance MI testing model 
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Figure 11. Residuals across the direct report meeting (DRM) and interview (INT) exercises in the scalar invariance MI testing model 
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Figure 12. Residuals across the interview (INT) and planning and execution (PE) exercises in the scalar invariance MI testing model 
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Figure 13. Factor loadings across the customer process meeting (CPM) and planning and execution (PE) exercises in the configural invariance 
MI testing model with an overall ability factor  
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Figure 14. Factor loadings across the direct report meeting (DRM) and planning and execution (PE) exercises in the configural invariance MI 
testing model with an overall ability factor 
 
 
 
 
MEASUREMENT INVARIANCE OF ASSESSMENT CETNERS 89 
 
Figure 15. Intercepts across the customer process meeting (CPM), direct report meeting 
(DRM), interview (INT), and planning and execution (PE) exercises in the metric invariance 
MI testing model with an overall ability factor 
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Figure 16. Intercepts across the customer process meeting (CPM) and direct report meeting 
(DRM) exercises in the metric invariance MI testing model with an overall ability factor 
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Figure 17. Intercepts across the customer process meeting (CPM) and interview (INT) 
exercises in the metric invariance MI testing model with an overall ability factor 
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Figure 18. Intercepts across the direct report meeting (DRM) and interview (INT) exercises in 
the metric invariance MI testing model with an overall ability factor 
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Figure 19. Intercepts across the interview (INT) and planning and execution (PE) exercises in 
the metric invariance MI testing model with an overall ability factor 
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Figure 20. Residuals across the customer process meeting (CPM), direct report meeting 
(DRM), interview (INT), and planning and execution (PE) exercises in the scalar invariance 
MI testing model with an overall ability factor 
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Figure 21. Residuals across the customer process meeting (CPM) and interview (INT) exercises in the scalar invariance MI testing model with 
an overall ability factor 
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Figure 22. Residuals across the direct report meeting (DRM) and interview (INT) exercises in the scalar invariance MI testing model with an 
overall ability factor 
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Figure 23. Residuals across the interview (INT) and planning and execution (PE) exercises in the scalar invariance MI testing model with an 
overall ability factor 
 
 
